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Zusammenfassung

v

Ziel: Die perkutane Mitralklappenrekonstruktion
mittels MitraClip (Abbott Vascular, Redwood City,
Kalifornien, USA) stellt ein neues therapeutisches
Verfahren dar bei Patienten mit Mitralklappenin-
suffizienz. In dieser Studie wurde die Machbar-
keit der Volumetrie mittels kardialer Magnetre-
sonanztomografie (MRT) zur Beurteilung eines
kardialen Remodelings bei Patienten nach Mitra-
Clip-Implantation untersucht.

Material und Methoden: Zwélf Patienten wurden
vor sowie sechs Monate nach MitraClip-Implanta-
tion mittels kardialer MRT untersucht. Zur Beur-
teilung von linksventrikulirem (LV), rechtsven-
trikuldirem (RV) und linksatrialem (LA) Volumen
wurden Cine-MRT-Sequenzen in Kurzachsen-
schichten und Langachsenschichten durchgefiihrt.
Ergebnisse: Durch die perkutane Mitralklappenre-
konstruktion bedingte Artefakte schrdankten die
Abgrenzbarkeit der endokardialen Konturen nicht
ein. Es zeigten sich keine signifikanten Unter-
schiede in den Untersucherabweichungen der
Messungen von LV-, RV- und LA-Volumen vor und
nach MitraClip-Implantation. Hinsichtlich der In-
dices von enddiastolischem LV-Volumen (Median
127 [IQR 96-150] vs. 112 [IQR 86-150] ml/m?;
p=0,03) und endsystolischem LV Volumen (Medi-
an 82 [IQR 54-91] vs. 69 [IQR 48-99] ml/m?;
p=0,03) zeigte sich jeweils eine signifikante
Reduktion nach 6 Monaten im Vergleich zur Erst-
untersuchung. Es konnten keine signifikanten Ver-
dnderungen der Indices von enddiastolischem RV-
Volumen (94 [75-103] vs. 99 [77-123] ml/m?,
p=0,91), endsystolischem RV-Volumen (48 [42-
80] vs. 51 [40-81] ml/m? p=0,48) und LA-Volu-
men (87 [55-124] vs. 92 [48-137] ml/m?,
p=0,20) 6 Monate nach MitraClip-Implantation
nachgewiesen werden.

Schlussfolgerung: Die kardiale Magnetresonanz-
tomografie erlaubt die Beurteilung kardialer
Volumina bei Patienten nach MitraClip-Implanta-

Abstract

v

Purpose: Percutaneous mitral valve repair with

the MitraClip device (Abbott Vascular, Redwood

City, California, USA) is a novel therapeutic option

in patients with mitral regurgitation. This study

evaluated the feasibility of cardiac volume meas-
urements by cardiovascular magnetic resonance
imaging (CMR) to assess reverse myocardial re-
modeling in patients after MitraClip implantation.

Materials and Methods: 12 patients underwent

CMR at baseline (BL) before and at 6 months fol-

low-up (FU) after MitraClip implantation. Cine-

CMR was performed in short- and long-axes for

the assessment of left ventricular (LV), right

ventricular (RV) and left atrial (LA) volumes.

Results: Assessment of endocardial contours was

not compromised by the device-related artifact.

No significant differences in observer variances

were observed for LV, RV and LA volume measure-

ments between BL and FU. LV end-diastolic (me-

dian 127 [IQR 96 - 150] vs. 112 [86 - 150] ml/m?;

p=0.03) and LV end-systolic (82 [54-91] vs. 69

[48-99] ml/m?; p=0.03) volume indices de-

creased significantly from BL to FU. No significant

differences were found for RV end-diastolic (94

[75-103] vs. 99 [77-123] ml/m?; p=0.91), RV

end-systolic (48 [42-80] vs. 51 [40-81] ml/m?;

p=0.48), and LA (87 [55-124] vs. 92 [48-137]

ml/m?; p=0.20) volume indices between BL and

FU.

Conclusion: CMR enables the assessment of cardi-

ac volumes in patients after MitraClip implanta-

tion. Our CMR findings indicate that percuta-

neous mitral valve repair results in reverse LV

but not in RV or LA remodeling.

Key points:

» Volume measurements by cardiovascular mag-
netic resonance imaging are feasible following
percutaneous mitral valve repair despite de-
vice-related artifacts.
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tion. Unsere Ergebnisse deuten dariiber hinaus auf ein reverses

linksventrikuldres, nicht aber rechtsventrikuldres oder links-

atriales Remodeling nach perkutaner Mitralklappenrekonstruk-
tion hin.

Kernaussagen:

» Die kardiale Volumetrie mittels kardialer Magnetresonanz-
tomografie ist nach MitraClip-Implantation trotz Artefakten
machbar.

» Es lieR sich eine signifikante Reduktion der linksventrikuldren
Volumina 6 Monate nach perkutaner Mitralklappenrekon-
struktion im Sinne eines giinstigen, reversen Remodelings
nachweisen.

» Signifikante Verdnderungen der rechtsventrikuliren oder
linksatrialen Volumina lieBen sich 6 Monate nach perkutaner
Mitralklappenrekonstruktion nicht nachweisen.

» A significant reduction of left ventricular volume was found in
terms of beneficial, reverse left ventricular remodeling after
6-month follow-up.

» No significant reduction was found in right ventricular or left
atrial volumes after percutaneous mitral valve repair after
6-month follow-up.

Citation Format:

» Radunski UK, Franzen O, Barmeyer A et al. Cardiac Remodeling
Following Percutaneous Mitral Valve Repair - Initial Results
Assessed by Cardiovascular Magnetic Resonance Imaging.
Fortschr Rontgenstr 2014; 186: 951-958

Introduction

v

Severe mitral regurgitation (MR) is associated with a poor prog-
nosis, particularly in patients with heart failure [1]. Surgical mi-
tral valve reconstruction is the treatment of choice for sympto-
matic patients with severe MR [2]. The MitraClip (MC, Abbott
Vascular, Redwood City, California, USA) is a novel device for
percutaneous mitral valve repair that emulates the surgical
edge-to-edge repair technique [3] (© Fig.1). The device has been
compared to conventional surgical approaches in selected pa-
tients suitable for surgery. First, the EVEREST I trial demonstrated
feasibility, safety and efficacy with a significant reduction in MR
[4]. The EVEREST II trial compared MC therapy and mitral surgery
(repair or replacement) and showed superior safety and a similar
clinical outcome for patients with MC therapy despite a signifi-
cantly inferior reduction of MR [5]. Furthermore, echocardiogra-
phy demonstrated reverse left ventricular (LV) remodeling in
terms of decreased LV volumes at one-year follow-up in patients
not suitable for surgery [6].

Cardiovascular magnetic resonance imaging (CMR) is currently
the reference method for the assessment of cardiac volumes and
function [7, 8]. However, to date CMR has not been used to assess
reverse remodeling after MC implantation. The MC system is
CMR-capable and safe in humans up to field strengths of 3 Tesla
(evaluated by Shellock R & D Services, Inc., Los Angeles, USA,
http://www.mrisafety.com/) but artifacts could potentially affect
delineation of endocardial contours on CMR images. Thus, this
study evaluated the ability of CMR to assess reverse ventricular
and atrial remodeling in patients after MC implantation.

Methods

v

Patients

CMR was performed in 12 consecutive patients with moderate to
severe mitral regurgitation at baseline (BL) before and at a medi-
an [IQR] follow-up (FU) of 6 months after percutaneous mitral
valve repair. The pathogenesis of mitral regurgitation was func-
tional in 7 and degenerative in 5 patients. Surgical mitral valve
repair was deemed contraindicated due to increased peri-opera-
tive risk assessed by a cardiovascular board consisting of cardiol-
ogists and cardiac surgeons experienced in the management of
structural heart disease (“heart team approach”) in all patients.
Baseline patient characteristics are given in © Table 1. The study

was approved by the local ethics committee and all patients gave
their written informed consent.

Echocardiography

MR at baseline was graded by transthoracic echocardiography
(Philips iE33, S5 - 1 sector probe (1 -5 MHz), Philips Medical Sys-
tems, Best, The Netherlands). All studies were performed by an
experienced investigator (V.R.) according to American Society of
Echocardiography guidelines [9]. At follow-up, MR severity was
assessed with the technique reported by Foster et al. as appropri-
ate [10].

CVR protocol

CMR was performed using a 1.5 Tesla system (Achieva, Philips
Medical Systems, Best, The Netherlands). All sequences were
ECG-triggered and breath-held. Scout images were performed in
axial, coronal and sagittal orientation. A retrospective vector-
ECG-gated cine-CMR stack was acquired in the short-axis orien-
tation using a steady-state free precession (SSFP) sequence
(© Fig.2), covering the entire LV and RV with contiguous slices
for the assessment of LV and RV end-diastolic volumes (LVEDV/
RVEDV) as well as LV and RV end-systolic volumes (LVESV/
RVESV) to calculate LV/RV stroke volumes (LVSV/RVSV) and LV/
RV ejection fractions (LVEF/RVEF). Furthermore, cine-CMR was
performed in the four-, three- and two-chamber orientations to
assess LA volumes (© Fig.3). Typical imaging parameters of cine-
CMR were as follows: voxel size 1.56 x1.56 x 8 mm?, 2 mm gap,
echo time =1.7 ms, repetition time =3.3 ms, flip angle =60°, par-
allel imaging=SENSE, effective temporal resolution 26 ms as
recommended [11]. Retrospective gating was performed in all
patients.

Volumetric analysis

Endocardial and epicardial borders were manually traced on end-
diastolic and end-systolic images using the semi-automatic Seg-
ment Software, version 1.8 (Medviso, Lund, Sweden) [12]. The
papillary muscles were excluded from the analysis (© Fig.2).
“Adequate” diagnostic image quality was defined as an image
quality enabling complete delineation of ventricular and atrial
endocardial boundaries. Maximum, mid-diastolic and minimum
LA volumes (LAV) were calculated using the biplane area-length
method [13]. All derived volumes were indexed to the patients’
body surface area using a standard formula [14], resulting in vol-
ume indices (LVEDVi, LVESVi, RVEDVi, RVESVi, LAVi) and stroke
volume indices (LVSVi, RVSVi).
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Fig. 1 MitraClip device. The MitraClip device is positioned and deployed
using a steerable guide catheter and delivery system transvenously after
puncture of the interatrial septum under transesophageal echocardiogra-
phy guidance. The MitraClip device principally consists of “arms” (white ar-
rows) and “grippers” (dotted arrows) for grasping the mitral valve leaflets,
emulating the surgical “edge-to-edge” mitral valve repair. Courtesy of
Abbott Vascular Structural Heart Germany (modified).

Abb.1 MitraClip. Der MitraClip wird transvends nach Punktion des atria-
len Septums mittels steuerbarem Fiihrungskatheter und Platzierungssys-
tem und unter transosophagealer echokardiografischer Kontrolle positio-
niert und freigesetzt. Der MitraClip besteht aus ,Armen“ und (weiRe Pfeile)
,Greifern (gepunktete Pfeile) zum Greifen der Mitralklappensegel in An-
lehnung an die chirurgische ,edge-to-egde“-Zusammennaht der Mitral-
klappensegel. Zur Verfligung gestellt von Abbot Vascular Structural Heart
Germany (modifiziert).

Table1 Baseline patient characteristics.

Tab.1 Patienten (vor MitraClip-Implantation).

male gender (67 %)

logistic EuroSCORE (%) 20.3 (3-40)
STS mortality risk (%) 11.6(0.7-20.7)
hypertension 9(75%)
hypercholesterolemia 6(50%)
diabetes 4(25%)
coronary artery disease 8(67%)
chronic obstructive pulmonary disease 2(17 %)

atrial fibrillation 6 (50 %)
functional etiology 7 (58%)

degenerative etiology 5(42%)

Abbreviations: CAD = Coronary Artery Disease, EuroSCORE = European System for Cardiac
Operative Risk Evaluation, STS = The Society of Thoracic Surgeons. Numbers are n (% of to-
tal number).

Abkirzungen: CAD = Coronary Artery Disease, EuroSCORE = European System for Cardiac
Operative Risk Evaluation, STS = The Society of Thoracic Surgeons. Zahlen =Anzahl

(% der Gesamtzahl).

Intra- and interobserver variability

Two observers (UKR, ML) performed all CMR measurements. The
first observer repeated measurements after an interval of at least
one week to assess intraobserver agreement. Additional meas-
urements were performed by a second observer to assess inter-
observer agreement. Both observers were blinded to the results
of the first reading.
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Fig.2 CMR volume measurements. Short-axis cine-CMR view with

RV (purple) and LV (red) contours as well as the MitraClip device-related
artifact (green arrow). Abbreviations: LV = left ventricular, RV = right
ventricular.

Abb.2 Volumetrie mittels kardialer MRT. Cine-MRT-Kurzachsenansicht
der RV (violett) und LV (rot) Konturen und des MitraClip-bedingten Ar-
tefakts (griiner Pfeil). Abkiirzungen: LV = linksventrikular, RV = rechts-
ventrikular.

Fig.3 MitraClip-related CMR artifact. MitraClip device-related artifact in
3-chamber cine-CMR view (green arrow). Abbreviations: LA = left atrium,
LV = left ventricle, RV =right ventricle.

Abb.3 MitraClip-bedingtes Artefakt. MitraClip-bedingtes Artefakt im
Cine-MRT-Dreikammerblick (griiner Pfeil). Abkiirzungen: LA =linkes At-
rium, LV = linker Ventrikel, RV = rechter Ventrikel.
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Statistical analysis

Statistical analysis was performed using GraphPad Prism version
5.00 for Windows (GraphPad Software, San Diego, California,
USA). Normality testing was performed using the D'Agostino-
Pearson omnibus method. Continuous data are presented as me-
dian and interquartile range (IQR) and were compared by Wil-
coxon’s signed rank test. Categorical variables are presented as
counts and percentages and were compared by McNemar's test
with the continuity correction. Bland-Altman analysis was used
to assess agreement between observers. Intra- and inter-observ-
er variances were compared between BL and FU using the F-test.
Statistical significance was assumed at p <0.05.

Results

v

Procedural and clinical outcomes

No severe periprocedural complications were observed. Initial
device success was achieved in all patients with reduction of MR
to grade 2+ in 9 patients and grade 1+ in 3 patients as assessed
by echocardiography. In 10 patients 1 MC was implanted and in 2
patients 2 clips were implanted. An improvement in exertional
dyspnea at 6 months by at least 1 NYHA functional class was
achieved in 10 patients (83 %), and in 2 patients (17 %) no im-
provement in NYHA class was observed. During the follow-up
period 3 patients were rehospitalized due to non-cardiac events.
Detailed patient characteristics at BL and FU are presented in
© Table2.

Echocardiography

Compared with baseline measurements, echocardiographic fol-
low-up showed a non-significant reduction of LVEDVi (98 (77 -
135) vs. 91 (74-118) ml/m?; p=0.5382), LVESVi (51 (33 - 63) vs.

Table2 Changesinechocardiographic and functional variables from
BLto FU.

Tab.2 Verdnderungen echokardiografischer Parameter sowie funktioneller
Variablen vor und 6 Monate nach MitraClip-Implantation.

Variable Baseline Follow-up p-value
MR severity

1+ (mild) 0(0) 3(25) 0.21
2+ (mild to moderate) 0(0) 9(75) <0.001
3+ (moderate to severe) 8 (67) 0(0) 0.001
4+ (severe) 4(33) 0(0) 0.09
NYHA functional class

I 0 1(8) 1.00

I 1(8) 9(75) 0.01

I 11(92) 2(17) <0.01
echocardiography

parameters

LV end-diastolic volume 98 (77 - 135)
index (ml/m?)

LV end-systolicvolume 51 (33 -63)
index (ml/m?)

91(74-118) 0.54

48 (34 -60) 1.00

LV stroke volume index 50 (47 -63) 41(36-51) 0.06
(ml/m?)
LV ejection fraction (%) 53 (48 -57) 53 (42-56) 0.67

Abbreviations: LV = left ventricular, LVEF = left ventricular ejection fraction, MR = mitral re-

gurgitation, NYHA = New York Heart Association. Numbers are n (% of total column num-
ber) for categorical and median (interquartile range) for continuous data.

Abkiirzungen: LV = linksventrikuldr, LVEF = linksventrikuldre Ejektionsfraktion, MR = Mitral-

klappeninsuffizienz, NYHA = New York Heart Association. Zahlen = Anzahl (% der Gesamt-
zahl) fiir kategorische Daten, Median (Interquartilsabstand) fiir kontinuierliche Daten.

48 (34-60) ml/m?; p=1000), LVSVi (50 (47 -63) vs. 41 (36 -51)
ml/m?; p=0.0648) and no difference in LVEF (53 (48 -57) vs. 53
(42 -56) %; p=0.6659).

CMR

CMR scanning was well tolerated by all patients at both BL and
FU. There were no complications related to CMR. Echocardiogra-
phy demonstrated no changes in MC device function and locali-
zation in any patient after the performance of CMR. All images
were of adequate quality to enable measurement of LV, RV and
LA volumes.

Intra- and interobserver variability

Intra- and interobserver biases are given in © Table 3. No signifi-
cant differences between BL and FU in intra- or interobserver
variances were found. Intraobserver biases were small, ranging
from 0.1% to 1.7% both at BL and FU. Interobserver biases were
greater, varying between 0.6 % and 13.7 %. Variability was gener-
ally larger for LA than for ventricular measurements.

Reverse LV remodeling

© Table4 demonstrates LV variables at BL and FU by CMR. The
median LVEDVi and LVESVi decreased significantly by 12 % and
16 %, respectively (© Fig.4). All patients showed a reduction in
LVESViand 11 of 12 (92 %) patients showed a reduction in LVEDVi
from BL to FU. No significant differences were found for LVSVi and
LVEE.

RV and LA volumes

RV and LA variables by CMR are shown in© Table 4. No significant
differences were found for RVEDVi (¢ Fig.5), RVESVi, RVSVi,
RVEF and LA volume (¢ Fig.6) between BL and FU.

Discussion

v

To the best of our knowledge, this is the first study evaluating the
use of CMR for assessing reverse remodeling in patients undergo-
ing MC implantation. Our major findings were: First, CMR meas-
urements of LV, RV and LA volumes are feasible in patients with
implanted MC devices. Second, our CMR findings on reverse LV
remodeling after MC implantation are consistent with recent
data by echocardiography [5, 6]. Third, we did not observe signif-
icant changes in RV or LA volumes after MC implantation.

Intra- and interobserver variability

There is only one case report of Altiok et al. on the performance of
CMR in a patient with an implanted MC device [15]. In agreement
with this case report, we observed local device-related artifacts
at the tips of the mitral valve leaflets in all patients. These arti-
facts did not affect delineation of endocardial LV or LA contours
(© Fig. 2, 3). However, we cannot exclude minor imprecisions at
the border of the papillary muscles related to these artifacts
(c Fig.2). According to guideline recommendations [11], an
SSFP sequence was used for cine CMR. However, the use of
Spoiled Gradient Echo (Fast Low Angle SHot =FLASH) could have
resulted in a further reduction of artifact size. The variability of
LV, RV and LA volumetric analyses was similar to reference values
in the literature [16 - 19]. Regarding ventricular parameters, the
highest interobserver variability was found for RVESV, in accord-
ance with previous reports [18 - 21]. This may be related to diffi-
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BASELINE FOLLOW-UP

Bias £ SD (%) Variance (%2) Bias £SD (%)
LVEDV-INTRA 0.6+£2.3 5.3 0.9+2.0
LVEDV-INTER 1.5+2.2 4.8 1.6+2.9
LVESV-INTRA 0.8+3.1 9.6 0.3+4.7
LVESV-INTER 0.6+4.7 22.1 1.8+6.4
RVEDV-INTRA 0.6+2.7 7.3 0.1+2.9
RVEDV-INTER 1.0£5.7 32.5 2.2+3.7
RVESV-INTRA 1.6+£7.6 57.8 1.7+7.8
RVESV-INTER 2.5+8.7 75.7 3.5+8.8
LAV-INTRA 0.9+4.8 23.0 0.3+7.6
LAV-INTER 10.7+9.7 94.0 13.7+£14.0

Heart

p-value Table3 Intra- and interobserver
biases before and 6 months after
Variance (%?) MitraClip implantation.
4.0 0.32 Tab.3 Intra- und Interuntersu-
8.4 0.18 cherabweichungen vor und 6 Mo-
22.1 0.09 nate nach MitraClip-Implantation.
41.0 0.16
8.4 0.41
13.7 0.08
60.8 0.47
77.4 0.32
57.8 0.07
196.0 0.12

Abbreviations: INTER = interobserver, INTRA = intraobserver, LAV = left atrial volume, LVEDV = left ventricular end-diastolic volume,
LVESV = left ventricular end-systolic volume, RVEDV =right ventricular end-diastolic volume, RVESV =right ventricular end-systolic volume,

SD =standard deviation.

Abkirzungen: INTER = Interuntersucher, INTRA = Intrauntersucher, LAV = linksatriales Volumen, LVEDV = linksventrikuldres enddiastolisches
Volumen, LVESV = linksventrikuldres endsystolisches Volumen, RVEDV = rechtsventrikuldres enddiastolisches Volumen, RVESV = rechtsven-

trikuldres endsystolisches Volumen, SD = Standardabweichung.

Table4 CMR parameters at baseline and follow-up.

Tab.4 MRT-Parameter vor (BL) und 6 Monate nach MitraClip-Implantation
(FU).

Parameter BL FU
LVEDVi (ml/m?) 127 (96 - 150) 112 (86 -150) 0.03

p-value

LVESVi (ml/m?) 82 (54-91) 69 (48 - 99) 0.03
LVSVi (ml/m?) 44 (38 -54) 42(36-53) 0.19
LVEF (%) 35(31-44) 39(31-45) 0.37
RVEDVi (ml/m2) 94 (75-103) 99 (77-123) 0.91
RVESVi (ml/m?) 48 (42-80) 51(40-81) 0.48
RVSVi (ml/m2) 36 (28 -48) 42(30-52) 0.25
RVEF (%) 40 (28 -54) 45(34-51) 0.58
LAVi (ml/m2) 87 (55-124) 92 (48 -137) 0.20

Abbreviations: BL=baseline, FU =follow-up, IQR =interquartile range, LAVi = left atrial
volume index, LVEDVi = left ventricular end-diastolic volume index, LVEF = left ventri-
cular ejection fraction, LVESVi=left ventricular end-systolic volume index, LVSVi=left
ventricular stroke volume index, RVEDVi = right ventricular end-diastolic volume index,
RVEF =right ventricular ejection fraction, RVSVi=right ventricular stroke volume
index, RVESVi=right ventricular end-systolic volume index. Numbers are medians
(interquartile range).

Abkirzungen: BL = Erstuntersuchung, FU = Follow-up, IQR = Interquartilsabstand,
LAVi=linksatrialer Volumenindex, LVEDVi = linksventrikuldrer enddiastolischer Volu-
menindex, LVEF = linksventrikuldre Ejektionsfraktion, LVESVi = linksventrikularer
endsystolischer Volumenindex, LVSVi=linksventrikuldrer Schlagvolumenindex,
RVEDVi =rechtsventrikuldrer enddiastolischer Volumenindex, RVEF = rechtsventriku-
lare Ejektionsfraktion, RVSVi=rechtsventriukdrer Schlagvolumenindex,
RVESVi=rechtsventrikuldrer endsystolischer Volumenindex. Median (Interquartils-
abstand) fiir kontinuierliche Daten.

culties in defining RV contours at trabeculae as well as in defining
RV endocardial boundaries in the most basal slice in the area of
transition into the outflow tract and the right atrium [16]. The
largest intra- and interobserver differences were found for LA
volume measurements, confirming recent data of Hudsmith et
al. [16] and others [22] on the significant observer variability of
LA volume measurements due to the inherent limitations of geo-
metrical assumptions for estimating LA volume.

Reverse LV remodeling

The significant reduction of MR detected by echocardiography as
well as of LV volumes detected by CMR underscores previous
findings after percutaneous mitral valve repair. Recently, echo-
cardiography has demonstrated a significant reduction in end-
diastolic and end-systolic LV volumes 12 months after MC im-

plantation in 2 larger cohorts of 144 and 63 patients, respectively
[5, 6]. In comparison to our CMR results, echocardiography failed
to demonstrate a significant reduction of LV volumes in our study
population. This discrepancy can be explained by the known lim-
itations of echocardiography as a less precise tool in LV volume a-
nalysis [23, 24]. Larger study populations are required to detect
significant differences in cardiac volumes by echocardiography
as compared to CMR. The proof of LV remodeling after MC im-
plantation is important in the subgroup of patients with MR and
severely reduced LV function: Chronic volume overload in MR is
related to remodeling of the extracellular matrix with dissolution
of collagen tissue and consecutive rearrangement and slippage of
myocardial fibers [25, 26]. Subsequent decompensation is char-
acterized by progressive LV dilation, elevated diastolic LV pres-
sure, increased systolic wall stress and reduced LV ejection frac-
tion [27]. The poor outcome of mitral valve surgery in patients
with severely reduced LV function could be potentially related to
irreversible changes in the extracellular matrix as well as a result
of the underlying disease such as dilative cardiomyopathy or MR
itself [2]. Our CMR data on patients with a median LVEF of 35%
underscore recent echocardiographic data on the potential for re-
verse LV remodeling after mitral valve repair in patients with MR
and reduced LV function [5, 6].

RV and LA remodeling

The use of CMR to assess RV and LA volumes and function follow-
ing MC implantation is attractive since echocardiographic assess-
ment of these chambers is challenging [28]. However, we did not
observe significant changes in end-diastolic or end-systolic RV
volumes from baseline to follow-up. This finding may be related
to preserved RV function and normal RV volumes at BL in our
study population. RV volumes in our study were similar to nor-
mal values from healthy subjects in the literature [16]. Thus, no
further reduction in RV volumes could be expected. In contrast,
one would expect reverse LA remodeling after successful reduc-
tion of MR by MC implantation. LA volume and function were re-
cently identified as important prognostic parameters [29]. Com-
pared to the healthy cohort of Hudsmith et al. [16], our patients
had severely enlarged left atrial volumes at BL. However, we did
not find a reduction in LA volume from BL to FU. This could hypo-
thetically either be related to the 6-month follow-up interval or
to possibly irreversible LA structural changes in terms of myocar-
dial fibrosis. Several recent studies observed profound structural
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Fig.4 LV volume indices. At 6-month follow-up a significant reduction was
found for LVEDVi (median 127 [IQR 96 - 150] vs. 112 [86 - 150] ml/m?;
p=0.03) and LVESVi (82 [54 - 91] vs. 69 [48 — 99] ml/m?; p=0.03).
Abbreviations: LVEDVi = left ventricular end-diastolic volume index, LVES-
Vi=left ventricular end-systolic volume index.
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Fig.5 RV volume indices. The differences in RVEDVi (median 94 [IQR 75 -
103] vs. 99 [77 - 123] ml/m?) and RVESVi (48 [42 - 80] vs. 51 [40-81] ml/
m?2) were not statistically significant (p=0.91 and p = 0.48, respectively)
after six months. Abbreviations: RVEDVi = right ventricular end-diastolic
volume index, RVESVi =right ventricular end-systolic volume index.

changes of the LA in patients with chronic MR [30 - 32]. LA enlar-
gement is accompanied by chronic inflammatory changes, cellu-
lar hypertrophy and interstitial fibrosis [33]. Thus, interstitial fi-
brosis in patients with chronic mitral regurgitation may result in
irreversible LA dilatation. The assessment of LA fibrosis by de-
layed enhancement CMR could be used to evaluate this aspect
and identify patients with a low likelihood of reverse LA remo-
deling [34]. Furthermore, 6 patients in our cohort had chronic
atrial fibrillation. These patients were unlikely to experience re-
verse LA remodeling due to the profibrotic effect of the arrhyth-
mia itself [35].

Limitations

This pilot study is mainly limited by its small study cohort. Of
note, due to multiple testing in our small study cohort, the statis-
tically significant results should not be interpreted as given facts
and require focused testing in a larger study cohort. In addition,
the observed reduction of LV volumes in our study population
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Abb.4 Indices der LV Volumina. Signifikante Reduktion von LVEDVi (me-
dian 127 [IQR 96 - 150] vs. 112 [86 - 150] ml/mZ p=0,03) und LVESVi (82
[54-91] vs. 69 [48 - 99] ml/m?; p =0,03) nach einem Zeitraum von sechs
Monaten. Abkiirzungen: LVEDVi = Linksventrikuldrer enddiastolischer Volu-
menindex, LVESVi = Linksventrikuldrer endsystolischer Volumenindex.
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Abb.5 Indices der RV Volumina. Es zeigen sich keine signifikanten Unter-
schiede von RVEDVi (median 94 [IQR 75 - 103] vs. 99 [77 - 123] ml/m?) und
RVESVi (48 [42-80] vs. 51 [40-81] ml/m?) (p=0,91 bzw. p=0,48) Abkiir-
zungen: RVEDVi = rechtsventrikuldrer enddiastolischer Volumenindex,
RVESVi = rechtsventrikuldrer endsystolischer Volumenindex.

can be a result of regression to mean effect. Nevertheless, all pa-
tients in our study population had a reduction in LVESVi and 92 %
had a reduction of LVEDVi from BL to FU. We are therefore confi-
dent that there was reverse LV remodeling in our study popula-
tion in agreement with recent data of larger studies such as by
Rudolph et al. [6]. An additional aspect could be the use of retro-
spective gating in our study population, including 50 % patients
with atrial fibrillation. However, image quality was sufficient in
these patients, so that prospective triggering was deemed unne-
cessary.

Conclusion

v

CMR allows reproducible assessment of cardiac volumes in pa-
tients with implanted MC devices. Furthermore, CMR findings in-
dicate that MC implantation results in reverse LV but not in RV or
LA remodeling.
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Fig.6 LA volume index. Non-significant change in LAVi from BL to FU
(median 87 [IQR 55 -124] vs. 92 [48 - 137] ml/m?, p=0.20). Abbrevia-
tions: LAVi = left atrial volume index.

Abb.6 Linksatrialer Volumenindex. Keine signifikante Anderung des LAVi
6 Monate nach MitraClip-Implantation (median 87 [IQR 55 - 124] vs.

92 [48 - 137] ml/m?, p=0,20). Abkiirzungen: LAVi = linksatrialer
Volumenindex.

Clinical relevance of the study

» Volumetric analysis via CMR after percutaneous mitral
valve repair is feasible despite artifacts.

» Our results of cardiac volumetric analysis indicate that after
a period of 6 months percutaneous mitral valve repair re-
sults in significant reduction of left ventricular volumes in
terms of favorable reverse remodeling but not in significant
changes of right ventricular or left ventricular volumes.
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